In an extension of the Standard Model with one extra dimension and N=1 supersymmetry compactified on R 1 /Z 2 × Z ′ 2 , we compute the Higgs boson decay width into two gluons, relevant to Higgs production in hadronic collisions. At one loop, the decay width is significantly suppressed with respect to the SM. For a compactification radius R = (370 ± 70 GeV ) −1 and a Higgs mass m H = 127 ± 8 GeV , as expected in the case of a radiatively generated Fayet-Iliopoulos term, we find it to be less than 15% of the SM result.
Introduction
Recently, a large interest has arisen about the idea that compact extra dimensions can be not so small as previously thought [1] . The main drawback, from a phenomenological point of view, is that most of the models based on this idea lack quantitavive aspects, so that it is often hard to find a connection with phenomena that take place at a known physical scale.
On the other hand, the model we consider [2] leads to the calculability of several observables, due to the underlying supersymmetric structure of the theory. In this framework, the Higgs mass [2] , the branching ratio B → X s γ [3] and the muon anomalous magnetic moment [4] have already been computed. In this paper we present the calculation of the Higgs decay width into two gluons. The main interest about this process is that it can be related to the cross section of Higgs production [5] through gluon fusion. At a large hadron collider (LHC), this is expected to be the most important channel for light SM Higgs [6] . Indeed, in the model we consider, a light Higgs is predicted in the range m H ≈ 120 ÷ 160 GeV . Moreover, we focus only on zero mode gluon fusion since we expect the parton distribution of KK gluons in the proton to be negligibly small.
The model
The framework of our calculation is based on the model of ref. [2] . This has the same matter content and gauge structure of the Standard Model, but is embedded in a 5-dimensional space time with N=1 supersymmetry. The orbifold compactification of the extra dimension on R 1 /Z 2 × Z ′ 2 provides supersymmetry breakingà la Scherk-Schwarz [7] . The presence of only one Higgs hypermultiplet constrains the form of the scalar potential. As pointed out in ref. [8] , a Fayet-Iliopoulos (FI) term ξD can be located on the two branes, thus introducing a free parameter in the potential. Nevertheless, after ElectroWeak Symmetry Breaking driven by radiative corrections, the Higgs mass is predicted to lie in the range 120 ÷ 160 GeV , while the value of 1/R, which is correlated to the Higgs mass, can increase up to about a TeV [9] . In the particular case that the FI term is radiatively generated, with a cut-off at a scale ≈ 5/R, its effect is small enough and the predictions of ref. [2] still hold:
The relevant lagrangian for our calculation comes from the quark Yukawa interactions, located on the branes. We remind that the vertices of gluon emission are the same for all the KK states, with 4-dimensional coupling g s = g (5) s / √ 2πR. In terms of mass eigenstates, for every flavour q the Lagrangian is:
where m 0 , m ± n andm ± n are the field dependent masses for quark and squark towers. They have the same form for every flavor q, even if the mass matrices arising from Yukawa couplings, y q , located on different branes are not the same (see App. A):
Substituting for the complex field φ H = v + H/ √ 2, this provides us with the full expression of the couplings of the Higgs field H to the mass eigenstates. Taking the linear terms in H and keeping all orders in m q R = ǫ q , we find:
where
Note that the Yukawa coupling is related to the Fermi constant G F √ 2 = 1 4v 2 in a non trivial way, due to the mixing with the massive KK states. The standard expression,
The calculation
The graphs that contribute at one loop are shown in figure 1 . For a color triplet scalar φ and a color triplet fermion Ψ with mass m s and m f respectively, coupled to the Higgs field via L = λ f ΨΨH + λ s φ † φH, the amplitude can be written as: where ε i and p i are the gluon polarizations and momenta, and
Let us first review the Standard Model result [10] . In the present context it comes from the zero mode fermionic graph for λ f = y q , and it amounts to:
and the function g is
The decay width is related to the amplitude, after summing over polarizations and color indices of the final state gluons. In the SM it is:
The main contribution comes from top loops, while the other quarks contribute to a few percent. The dependence on the Higgs mass, apart from the m 3 H factor in Γ 0 , is encoded in ξ, in such a way that the functions A SM run from ≈ 0.9, for m H = 120 GeV , up to ≈ 1 for m H = 160 GeV .
Let us now move to our model. The couplings are given in eq. (4), and we consider contri- , the result can be written as:
where the factor two in F s takes in account the two KK towers of scalar partners and the functions f and s contain the contributions of the KK modes:
Let us remind that the Higgs mass depends on R, so that in our model the two parameters ǫ and ξ are related to each other.
ξ → 0 limit
To compute the KK state contribution exactly is not a trivial task. As a first step we note that the sums in f and s simplify in the limit ξ → 0. In this case we are neglecting contributions of relative order O(m H R) 2 . These contributions may be important expecially for large R, where m H ≈ 120 GeV and then m H R 0.4. However, we use this limit just to have a reliable estimate for small radius (1/R ≈ 1 T eV ), where m H ≈ 160 GeV and then m H R ≈ 0.15, and to have an analytic control on the calculation. In this case, the result is:
where A t,b = A SM (ξ t,b ). As we can see from figure 2 , the dependence on the Higgs mass in eq. (12) is smooth in the range 120 ÷ 160 GeV and then the correlation between m H and R can be consistently neglected. The decay width is significantly different from the SM one and, in particular, it vanishes for 1/R ≈ 300 GeV (that corresponds to m H ≈ 120 GeV [9] ). This means that the contributions of the top and stop KK modes cancel the SM result. It is relevant that this happens for every value of A b . 1 Also notice that for the unphysical value 1/R = m t the decay width diverges. This is a remnant of the approximation we are working in, as corrections O(m H R) 2 are relevant in this region.
Full calculation
In the previous paragraph, the dependence on m H has been kept only in the SM result. This is, as we saw, an approximation less appropriate for small values of 1/R. In order to evaluate how the result fully depends on m H , one could keep the ξ dependence in eq. (11) and then expand in the parameter ǫ. But, two issues arise. The first one is that if we expand eq. (12), the series is oscillatory, and stabilizes only at very high order in ǫ. The second point is that for small 1/R the parameter ǫ is too large and the expansion is not meaningfull.
What one can rather do is to perform the sums in f and s and then evaluate numerically the residual integrals on Feynman parameters x and y. The functions f and s can be simplified to:
where ψ(z) = Γ ′ (z)/Γ(z) is the polygamma function of order zero. Now, the net result is:
where Ξ = Eq. (14) contains the exact dependence on the related parameters ǫ and ξ. In order to estimate how the approximation in the previous paragraph works, we fix m H = 127 GeV and in fig. 3 we plot the result as a function of R compared to eq. (12) in the same limit. The two curves differ only slightly in the region 1/R > 300 GeV . Moreover, for small values of 1/R the apparent divergence of eq. (12) is not present any more.
In figure 3 , we can also read the value of the decay width for 1/R = 370 ± 70 GeV . To do this, we first have to take into account the effect of the brane z factors discussed in [2] , that are the main source of error on 1/R. Eqs. (12) and (14) are actually functions ofR = R/(1 − z) instead of R, since the dependence on the radius only comes from the top and stop mass eigenvalues. It isR which is determined by the minimization of the Higgs potential, so that its uncertainty does not come from the z factors but from other sources. It is therefore estimated to be smaller, at 10% level [9] . Thus, it follows that the decay width, in the case of a radiatively generated FI term, is at 5% ÷ 15% level of the SM one and is only affected at quadratic order in z.
Conclusions
In this paper we have calculated the full one loop amplitude for the decay width of the Higgs boson into two gluons for any value of the compactification radius. We find a result significantly suppressed with respect to the SM value. This is due to a partial cancellation between the SM and the top and stop KK tower contributions. In particular, this cancellation is complete and the cross section goes to zero for a value of 1/R ≈ 300 GeV .
For the value of the compactification radius of 1/R ∼ 370 ± 70 GeV , as expected in the case of a radiatively generated FI term, the one loop cross section is reduced below the 15% level of the SM prediction. Notice, however, that the two loop amplitude, of order α 2 s , is expected to be relevant, since in the SM [11] it is as large as 40% of the 1-loop one.
A Mass matrices
In ref. [3] , the diagonalization of the mass matrices arising from Yukawa couplings located on the brane y = 0 is presented. Dealing with couplings located on the brane y = π 2 R, some subtleties appear. First of all, the matrices are, for scalars and fermions:
The difference with ref. [3] is the presence of some −1 signs that come from the values of the wave functions of the fields, whose dependence on y in given by their parity. But, carefully performing the calculation, it is clear that the eigenvalues coincide with those produced by the matrices on the brane y = 0, eq. (2). Note also that in this case φ c is the field in the N=1 supermultiplet of ψ. The effect of these signs is physically relevant only when the two branes interfere. This happens when the observable receives contributions from both the branes (see for example [3] ).
The calculation of these matrices deserves another comment. In fact, if we write the bulk lagrangian as in [12] and add the two brane interactions as in [2] , it is not sufficient to solve the equations of motion for the auxiliary fields F in order to work out the correct scalar potential. We have to follow ref. [13] : the difference is again a sign. In fact, in front of the term ∂ 5 φ c d dφ W , where W is a generic superpotential localized on the brane and the fields contained in it are supposed to be evaluated on the fixed point where the brane is localized, an additional minus sign can appear and the field ∂ 5 φ c must also be evaluated on the brane fixed point.
